Xcoe2 is a recently identified HLH transcription factor of the Xenopus primary neurogenesis pathway, which is necessary downstream of Neurogenin to stabilize neuroblast determination (Dubois, L. et al., 1998. Curr. Biol. 8, 199-209). We report here the embryonic expression pattern of Zcoe2, its zebrafish homolog. As observed for Xcoe2, Zcoe2 is strongly expressed in a subset of the neurogenin1-(ngn1-) positive primary neuroblasts of the spinal cord. In the anterior neural plate, in contrast, Zcoe2 is expressed earlier and more widely than ngn1. This pattern is strongly maintained in the presumptive mesencephalon and rhombomeres 1-4 until the 2-3-somite stage. This expression of Zcoe2 in the brain anlage calls for a re-analysis in zebrafish of the functional relationship demonstrated in Xenopus between Coe2 and Neurogenin factors. At later stages, Zcoe2 is expressed in early forming neurons of the anterior brain and is a marker of the olfactory placodes.
Results
Primary neurogenesis in Xenopus and zebrafish (Danio rerio) is proposed to involve mechanisms similar to those operating in Drosophila: a neuronal competent territory is established, from which single neuronal progenitors are selected and differentiate. Recent studies suggest that neuronal competence and stable commitment are conferred by bHLH-containing transcription factors (X-ngnr-1/Ngn1 and XNeuroD/Nrd in Xenopus/Danio) (Lee et al., 1995; Ma et al., 1996; Blader et al., 1997) . Selection among the competent progenitors involves lateral inhibition, a negative feedback process of Notch/Delta signalling (Delta-1 in Xenopus, Delta-A, -B and -D in Danio) (Chitnis et al., 1995; Appel and Eisen, 1998; Haddon et al., 1998) . Intracellular factors acting in conjunction with Notch/Delta are necessary to stabilize the commitment of the selected cell until determination is achieved. Xcoe2, a recently isolated Xenopus member of the COE family (Collier/Olf-1/EBF) of nonbasic, HLH transcription factors, may play such a role. Xcoe2 is expressed after X-ngnr-1 but before XNeuroD, and is both necessary and sufficient for primary neuron formation (Dubois et al., 1998) . To further substantiate the pivotal role of COE2 factors in primary neurogenesis, we have isolated Zcoe2, the zebrafish homolog of Xcoe2.
The full-length Zcoe2 cDNA clone encodes a protein of 579 amino acids. Sequence alignment with the other members of the COE family ( Fig. 1) shows that ZCoe2 is more closely related to XCoe2 and EBF-2 than to EBF/Olf-1 (or EBF-3, not shown) (Garel et al., 1997; Malgaretti et al., 1997; Wang et al., 1997) . In mouse embryos, EBF-2 is expressed earlier and more transiently than EBF-1 (or EBF-3) in the spinal cord (Garel et al., 1997) . Expression of Zcoe2 is first detected at the 75% epiboly stage and uniformly covers the anterior part of the neural plate ( Fig. 2A,  bar) . This precedes the onset of ngn1 expression (90% epiboly, Blader et al., 1997) . At the tail bud stage, the Zcoe pattern resolves as a broad staining in the presumptive mesand anterior rhombencephalon (rhombomeres 1-4, Fig. 2B , bar). Within this domain, more strongly stained clusters are apparent (Fig. 2B, arrowheads) . These clusters, clearly defined from the 1-somite stage in the basal mesencephalon, and basal and alar rhombomeres 2 (r2) and 4 (Fig. 2D,  arrowheads) , are also ngn1-positive (Fig. 2C,E) . In contrast to Zcoe2, however, no transcription of ngn1 is ever detected between the clusters. By the 5-somite stage (Fig. 2F-K) , the Zcoe2-positive cells in the mes-and rhombencephalon can be tentatively identified as precursors of the ventrocaudal cluster (Ross et al., 1992) (Fig. 2I, filled arrowhead) , and of the motorneurons and sensory neurons of r2 and r4, respectively (Fig. 2I , open arrowheads). These are the first neuronal groups to differentiate in the anterior brain (see Kimmel, 1993 and Easter et al., 1994 for reviews). Concomitantly, the weaker uniform expression of Zcoe2 in the surrounding cells is progressively switched off (see Fig. 2H,I ). Additional sites of expression from the 10-somite stage are two elongated clusters in the basal diencephalon (Fig. 3B , arrow), possibly including precursors of the ventro-rostral cluster (see Ross et al., 1992) .
From the 1-somite stage, Zcoe2 expression is also detected in axial and lateral columns of neuroblasts in the caudal rhombencephalon and spinal cord (Fig. 2D) , and from the 2-somite stage in the placodal component of the trigeminal ganglia (asterisk in Fig. 2I ). Zcoe2 expression is preceded by ngn1 in these domains (compare Fig. 2B -C,D-E). In the spinal cord, Zcoe2 expression resolves into longitudinal columns of strongly stained neuroblasts (Fig.  2F ,H,J). The strongly Zcoe2-positive territory appears included in those of ngn1 and delta-A, but broader than those of delta-B and nrd1 (our observations, and see Blader et al., 1997; Appel and Eisen, 1998; Haddon et al., 1998) . By comparison with specific neuronal markers becoming expressed at this stage, such as isl-1 (Korzh et al., 1993; Inoue et al., 1994) (Fig. 2G,K) , isl-2 (Appel et al., 1995; Tokumoto et al., 1995) and pax-b (Mikkola et al., 1992) , the Zcoe2-positive neuroblasts can be identified as precursors of most, if not all, primary motor-, inter-and sensory (RohonBeard) neurons. Importantly, upon close examination, the intensity of Zcoe2 expression varies between positive cells, and weak expression is detectable over the whole lateral extent of the neural plate, joining the different columns (Fig. 2F,J) , a pattern not observed for ngn1 (Blader et al., 1997 and our observations) . From the 5-somite stage onwards, Zcoe2 is expressed in the olfactory placodes (Fig. 2H, open asterisk) , and thus constitutes the earliest known marker of this cell population. Zcoe2 expression is maintained at these different sites until the 20-25-somite stage without major modifications; more neuroblasts are recruted and the different Zcoe2-positive clusters enlarge (Fig. 3A-C) . In the spinal cord, they cover the whole dorso-ventral extent of the non-germinative neuroepithelium (Fig. 3A) . Expression of Zcoe2 is also observed in neural crest cells emigrating from r2, r4 and r6 (readily visible at 15 somites, Fig. 3C, arrows) . From the 30-somite Fig. 1 . Diagrammatic alignment of the COE proteins, zebrafish ZCoe2, Xenopus XCoe2, mouse EBF/Olf-1 and EBF2 (see Dubois et al., 1998 for references of the vertebrate proteins), Drosophila Col (Crozatier et al., 1996) and C. elegans Unc-3 (Prasad et al., 1998) . The red box corresponds to the DNA binding domain (DBD) and the yellow box to a second highly conserved region (dimerization domain, DD) which contains a helix-loophelix motif represented by two black bars. A duplicated helix 2 present only in the vertebrate proteins is indicated by a grey box. A stretch of 2-3 amino acids domain specific to each protein within the DBD is indicated by a blue line. Percentages of identity are given between ZCoe2 and each other protein in the DBD and DD regions (defined by arrowheads). stage Zcoe2 expression in the spinal cord is progressively switched off (Fig. 3D) . It is maintained in the olfactory bulb (see Fig. 3F , open asterisk) and becomes complex in the rhombencephalon and brain, labelling an anterior row of neuroblasts in the cerebellar anlage, the whole dorso-ventral extent of the rhombencephalon posterior to r1, and defined clusters in the mes-, di-and telencephalon (Fig. 3E,F) . These clusters could not be unambiguously identified.
Finally, we studied Zcoe2 expression in the zebrafish white tail (wit ta52b ) mutants (Fig. 4A-C) , which display a neurogenic phenotype interpreted as a deficiency in lateral inhibition during primary neurogenesis Jiang et al., 1996) . More positive cells were observed at all sites of normal Zcoe2 expression from the 5-somite stage up to, at least, the 10-somite stage, suggesting that Zcoe2 expression is responsive to lateral inhibition during primary neurogenesis in zebrafish.
The strong expression of Zcoe2 at early somite stages in clusters of primary neuroblasts of the spinal cord, later than ngn1 and delta genes but before nrd1, and in a domain included in the ngn1-and delta-A-positive territories, strictly parallels the expression of Xcoe2, which in Xenopus acts downstream of Neurogenin and upstream of NeuroD factors. In contrast, the generalized expression of Zcoe2 in the mesencephalon and anterior rhombencephalon at the end of gastrulation is unprecedented and suggests to test in addition for an earlier function of Zcoe2.
Materials and methods

Zebrafish
Danio rerio embryos were obtained from natural spawnings and staged according to Kimmel et al. (1995) . wit ta52b / wit ta52b embryos were produced by crossing wit ta52b / + fish and were kindly provided by Dr. Y.-J. Jiang.
Zcoe2 cloning
Degenerate oligonucleotides were designed to amplify the DNA-binding domain of COE family members as described for the cloning of Xcoe2 (Dubois et al., 1998) . A PCR product of the appropriate size (560 bp) was obtained from zebrafish tail bud stage RNA and used for high stringency screening of a somitogenesis stage cDNA library (kindly provided by Dr. B. Appel). One positive clone containing the full length Zcoe2 cDNA (3 kb) was isolated and sequenced (USB Biochemicals Superscript kit). The EMBL accession number for the ZCoe2 protein is AF072657.
In situ hybridization (ISH)
Single colour ISHs were performed as described in Thisse et al. (1993) , and double colour ISHs according to Hauptmann and Gerster (1994) , with minor modifications. The full length Zcoe2 cDNA or the cDNA fragment obtained from the degenerate PCR were used as probes with similar results. The krox-20, isl-1 and ngn1 probes were previously described (Oxtoby and Jowett, 1993; Inoue et al., 1994; Blader et al., 1997) . Fig. 3 . Expression of Zcoe2 from the 10-35-somite stages. A,D are lateral views of whole embryos (deyolked in A), dorsal to the left; B,C,F are dorsal views, and E a lateral view of flat-mounted brains, anterior to the top. In E and F the eyes (symbolized in F) have been removed. D, diencephalon; Ms, mesencephalon; r, rhombomeres; Rh, rhombencephalon; sc, spinal cord; T, telencephalon. The symbols used are the same as in Fig. 1 , with additional sites of expression indicated: a ventral diencephalic cluster (arrow in B), and neural crest cells emigrating from r2, r4 and r6 (arrows in C). 
